Mt. Fuji, located in central Japan near the triple junction of the Philippine Sea, Eurasia (or Amurian), and North American (or Okhotsk) plates, is one of the arc volcanoes associated with the subduction of the Pacific plate. Mt. Fuji has unique features including an average eruption rate in the last 100,000 years of 4-6 km 3 /ka, which is much higher than that of other volcanoes along the same arc (0.01 and 0.1 km 3 /ka). Basaltic rocks dominate in
Introduction
Mt. Fuji is one of the arc volcanoes associated with the subduction of the Pacific plate (Fig. 1) . Mt. Fuji (3776 m) stands out from other volcanoes in Japan by at least five aspects: volume, composition, eruption style, vent location, and hazard. It has a large volume of about 400-500 km 3 despite being active only in the last 80,000-100,000 years, corresponding to the average ejection rate of 4-6 km 3 /ka. This ejection rate is significantly larger than that of other arc volcanoes along the same arc, between 0.01 and 0.1 km 3 (Tsukui et al., 1986; Yoshimoto et al., 2010) . Second, the chemical composition of Mt. Fuji is distinct from other arc volcanoes. Intermediate and felsic magmas such as andesite, dacite, or rhyolite dominate in arc volcanoes, whereas Mt. Fuji has mainly ejected basaltic rocks. For example, the 864-866 CE Jogan eruption, one of the two largest eruptions in the last 2000 years, ejected a total of about~1.4 km 3 of basaltic materials (Miyaji et al., 2006) . The complex tectonic setting of Mt. Fuji ( Fig. 1 ) might play a role, but the prevalence of basaltic magmas has not been explained. Third, Mt. Fuji has erupted in various styles from effusive to explosive eruptions. While the Jogan eruption was mainly effusive, the 1707 Hoei eruption, another one of the largest eruptions in the last 2000 years, was an explosive eruption which ejected a total of about 1.6 km 3 of basaltic and dacitic materials (Miyaji et al., 2011) .
Fourth, Mt. Fuji has erupted both from the summit and the flank. Since the ambient stress field around Mt. Fuji is dominated by northwest-southeast compression due to the collision with the Philippine Sea plate (e.g., Ukawa, 1991; Araragi et al., 2015) , the vents are mainly distributed on the northwestern and southeastern flanks. In fact, all the eruptions of Mt. Fuji in the last 2200 years, including the Jogan and Hoei eruptions, are from the flank rather than the summit. This eruptive history indicates that large areas are under potential threat from lava flows.
Finally, Mt. Fuji is only about 100 km from the Tokyo metropolitan area with a population of more than 30 million. The area is thus potentially at risk from volcanic hazards. Indeed, the most recent Hoei eruption was so explosive that the Tokyo metropolitan region received up to 100 mm of ash (Miyaji et al., 2011) . The same or similar eruption now would cause severe volcanic hazards in Tokyo and the surrounding areas. The Hoei eruption started 49 days after a nearby M ∼ 8.5 earthquake, indicating that the region was affected by volcanic hazards less than two months after the seismic activity. Therefore, understanding the potential location, style, size, and timing of the next eruption of Mt. Fuji is important not only from a scientific standpoint but also for the hazard assessment. This article reviews insights into understanding how Mt. Fuji was formed and potentially assesses its next eruption of Mt. Fuji. Section 2 summarizes the tectonic setting and stress field around Mt. Fuji. We have reviewed the evolution of Mt. Fuji during the last 400,000 years in Sections 3. Sections 4 and 5 describe insights into the internal structure and current activity of Mt. Fuji. Based on the discussion between Sections 2 and 5, Sections 6 and 7 summarize how we can address the research questions posed in this section and assess the next eruption.
Tectonic background

Plate motions around Mt. Fuji
Mt. Fuji is located near the triple junction of the Philippine Sea, Eurasian (or Amurian), and North American (or Okhotsk) plates, under which the Pacific plate subducts at a convergence rate of~85 mm/yr (Argus et al., 2010; Fig. 1) . From the south, the Philippine Sea plate subducts beneath the North American (or Okhotsk) and Eurasian (or Amurian) plates from the Suruga and Sagami troughs with convergence rates of about 25 and 15 mm/yr, respectively (e.g., Argus et al., 2010) . The Philippine Sea plate collides at the northern tip near Mt. Fuji (Fig. 1) . While the Philippine Sea plate is an oceanic plate, the colliding section in it is part of an island arc with lower average density than oceanic plates. The island arc on the Philippine Sea plate thus cannot subduct as smoothly as oceanic plates, resulting in a collision at the plate boundary.
Seismicity at the subducting and colliding plate boundaries around the northern tip of the Philippine Sea plate exhibit a marked difference (Ishida, 1992) . The subducting plate boundary exhibits abundant seismicity including large earthquakes of M∼8 such as the 1854 Ansei and 1923 Kanto earthquakes in the Suruga and Sagami troughs, respectively. On the other hand, the colliding part of the plate boundary lacks major seismicity. Although seismic reflectors were detected to the north of Mt. Fuji (Iidaka et al., 1990) , it lacks widespread seismic reflectors associated with plate subduction. The subducting plate boundary hosts obvious seismic reflectors corresponding to the Moho of the subducting Philippine Sea plate (Arai and Iwasaki, 2015) .
Regional and local stress field
The plate configuration described above results in a regional stress field with northwest-southeast compression and northeast-southwest extension around Mt. Fuji (Ukawa, 1991) . Mt. Fuji and Izu-Oshima volcanoes ( Fig. 1 ) are elongated in a northwest-southeast direction (Ida, 2009; Fig. 2) , with dominant strikes of volcanic fissures , and focal mechanisms of shallow earthquakes (Ukawa, 1991; Araragi et al., 2015) confirming the stress field. The shape of volcanic islands becomes more rounded (Fig. 2) , and the orientation of volcanic fissures becomes radial with distance from the plate boundary (Ida, 2009). These observations confirm the collision and subduction of the Philippine Sea plate control the regional stress field.
The local stress field on the edifice of Mt. Fuji is not only controlled by the collision and subduction of the Philippine Sea plate but also by the stress field exerted by the loading of the volcano itself. Araragi et al. (2015) investigated seismic anisotropy around Mt. Fuji at depths shallower than ∼4 km, and found that while the fast direction of the seismic wavespeed is radially distributed near the summit of Mt. Fuji, it roughly strikes northwest-southeast (Fig. 3) . The differential stress, orientation of cracks, or lattice preferred orientation of rocks generate anisotropy of seismic velocity. In this case, the origin of seismic anisotropy is likely the differential stress. Their study suggests that the stress field around Mt. Fuji at shallow (≤4 km) depths is, at least, a combination of the regional stress field and the stress from volcano loading.
Evolution of Mt. Fuji and recent eruptions
The evolution and geology of Mt. Fuji have been extensively investigated since pioneering studies by Prof. Hiromichi Tsuya in the 1930s (e.g., Tsuya, 1955 Tsuya, , 1962 , leading to the most recent version of the geological map (Takada et al., 2016) . Thus, we do not attempt to Fig. 2 . Close-up views of (a) Mt. Fuji, (b) Izu-Oshima, and (c) Miyakejima volcanoes, whose locations are shown in Fig. 1 . The shape of Mt. Fuji and Izu-Oshima volcanoes are more elliptical than Miyakejima because the ambient stress fields around them are more deviatoric than the stress field around Miyakejima. Fig. 3 . Rose diagrams of fast polarization directions obtained from a shear-wave splitting analysis for each seismic site. Gray lines indicate directions of the maximum compression at a depth of 2.0 km that fits with the obtained fast polarization directions; they are obtained by a combination of the point load at the summit of Mt. Fuji and an appropriate ambient stress field (see Araragi et al., 2015 , for details). Modified from Araragi et al. (2015) .
give a comprehensive review of the evolution and previous eruptions of Mt. Fuji. Instead, here we briefly summarize the eruptions in chronological order, focusing on the recent Jogan and Hoei eruptions, which represent diverse eruptive styles of Mt. Fuji.
Evolution before 100 ka
Scientific drilling revealed that the evolution of Mt. Fuji is divided into several stages ; Fig. 4) . First, Ashitake volcano to the south of the current Mt. Fuji started to grow about 400 ka ago. Pre-Komitake volcano, located to the north of current Mt. Fuji, started to grow with effusions of basaltic lava flows at around 270 ka, ending up with explosive eruptions of basaltic andesite and dacite magmas at around 160 ka. Komitake volcano grew, by effusions of basaltic lavas, on top of Pre-Komitake volcano between around 160 ka and 100 ka, when the youngest part of Mt. Fuji started to grow. Yoshimoto et al. (2010) proposed that a change in regional tectonics around 150 ka ago might have been responsible for a change in the rock chemistry from Pre-Komitake volcano to subsequent volcanoes, but this conjecture has not been proved yet.
Evolution after 100 ka
Basaltic volcanism dominates in the current Fuji volcano, and its activity can be divided into two periods, the older Fuji between 100 ka and 10 ka and the younger Fuji since 10 ka. Eruptions of the older Fuji may have been explosive considering that extensive deposits from old Fuji eruptions cover an area of ∼250 km 2 mainly to the east of Mt. Fuji (Miyaji et al., 1992; Yoshimoto et al., 2010) . Basaltic lava flows dominate the eruptions of younger Fuji, but explosive eruptions of dacitic and andesitic magmas such as the Zunasawa eruption ∼3 ka ago and the 1707 Hoei eruptions also exist. After a dominance of sub-Plinian explosive eruptions of basaltic magma, widespread scoria falls, and lahar deposits between 100 and 17 ka (Uesugi, 1990; Yamamoto et al., 2007) made volcanic fans on the lowlands of the volcano.
Voluminous lava flows dominated the volcanic activity between 17 ka and 8 ka, but the insufficient number of measurements does not permit an evaluation of the ejected volume during this period.
Explosive eruptions and lava flows from the summit and flank until 1500 BCE (stage 3: see Fig. 5 ) followed a relatively mild activity between 10,000 BCE, and 3500 BCE. It is during this period that the main growth of the volcano occurred due to voluminous ejections of magma; the size of the volcano was already as large as that in the present by 3500 BCE. The current summit of Mt. Fuji is composed of rocks ejected during this period.
Mt. Fuji erupted explosively between 1500 BCE and 1300 BCE from the summit with ejections of scoria and pyroclastic flows (e.g., Yamamoto et al., 2005a) . One of the most notable ejecta is the Zunasawa deposit, ejected around 1300 BCE from the eastern flank, where it is distributed (e.g., Machida, 1977; Yamamoto et al., 2005b) . The Zunasawa deposit contains rocks with SiO 2 content of up to 70%, similar to the scoria ejected by the Hoei eruption.
The debris deposit associated with a flank collapse in the eastern flank around 900 BCE cover 53 km 2 with a volume of 1.05 km 3 (Miyaji et al., 2004; Miyaji, 2007) . Whether a phreatic eruption or the shaking from an earthquake triggered the collapse is unknown. The flank collapse 2.9 ka ago was followed by a series of summit eruptions, one of the most significant of which occurred 2.2 ka ago, a sub-Plinian eruption with an eruptive volume of ∼0.5 km 3 (Suzuki and Fujii, 2010) . The eruption 2.2 ka ago was the latest summit eruption of Mt. Fuji. After this summit eruption in 2.2 ka, small-scale flank eruptions occurred until the 8 th century, after which Mt. Fuji erupted at least ten times in 781, 800-802, 864-866, 937, 999, 1033 800-802, 864-866, 937, 999, , 1083 800-802, 864-866, 937, 999, , 1435 800-802, 864-866, 937, 999, -1436 800-802, 864-866, 937, 999, , 1511 800-802, 864-866, 937, 999, , and 1707 ). Dating of these eruptions is difficult, and thus historical accounts and mapping of eruptive products are the only ways for constraining the exact dates of these eruptions.
The 800-802 eruption ejected massive tephras from the northwestern and northeastern flanks. Historical accounts suggest that Mt. Fuji might have erupted in 834-848, 853, 858 , and 859 as well (Koyama, 1998a ) but a more careful examination of the documents is necessary to confirm the dates.
The 864-866 Jogan eruption
The 864-866 Jogan eruption is one of the largest eruptions in last 2200 years with more than 1.4 km 3 of lavas from vents aligned on the northwestern flank with a horizontal extent of ∼6 km. The lavas buried most of a lake that existed at that time. The interaction between the lava and lake water triggered a secondary phreatic eruption, generating pillow lavas (Miyaji et al., 2006) .
Eruptions between the Jogan and Hoei eruptions
The 937 eruption was originated from three fissures aligned and located on the northern flank between 1800 and 2900 m above sea level. Some lavas reached up to 17 km to the northeast from the vent (Fujita et al., 2002) . Yamamoto et al. (2005b) suggested that the 937 eruption was from the southern flank as well as the northern flank, although the volume of the eruptive product from the southern flank is estimated to be only 0.01 km 3 compared with 0.06 km 3 from the northern flank. The 1033 eruption also originated from the northern and southern flanks (Yamamoto et al., 2005b) . On the northern flank, a 3 km-long fissure between 2150 and 3450 m above sea level and a vent at 2050 m above sea level were responsible for the eruption. Lavas flowed northeastward for up to 7 km from the vent (Fujita et al., 2002) .
Details of the 1083 eruption are not well known, but Koyama (1998b) suggested that the eruption was explosive based on a historical account that the eruption was heard in Kyoto, ∼270 km from Mt. Fuji. Details of the 1435-1436 and 1511 eruptions are not also well known but historical accounts suggest that lava effusion might have dominated the 1435-1436 eruption (Koyama, 1998b) . The 1511 eruption might have originated from the northern flank (Koyama, 1998b) .
The 1707 Hoei eruption
The 1707 Hoei eruption, the most recent one, is one of the most explosive eruptions in Mt. Fuji in historical time. The eruption started on 16 December 1707, 49 days after the 1707 Hoei earthquake (M = 8.7) occurred in the Nankai trough, southwest Japan. This temporal coincidence and static stress changes in Mt. Fuji by the Hoei earthquake led Chesley et al. (2012) to suggest that the extensional stress changes of about 0.1 MPa by the Hoei earthquake might have triggered the eruption. The Hoei eruption lasted for 16 days until 1 January 1708.
The eruption has been reconstructed in detail by Miyaji et al. (2011) . The total ejected volume is estimated to be 1.6 km 3 with a Volcano Explosivity Index (Newhall and Self, 1982) of 5. The eruption started by two energetic eruptive pulses with an ash column higher than 20 km. The energetic pulses gave way to discrete sub-Plinian basaltic eruptions before sustained activity with column heights of more than 13 km, during which there were at least two heightened phases with column heights of more than 16 km. A sudden process such as conduit collapse, rather than a gradual process such as decompression of the magma chamber, halted the eruption. The Hoei eruption accumulated more than a meter of ash within a few kilometers from the vent, and more than 100 mm of ash accumulated 100 km away from the vent in the downwind direction (Fig. 6 ). The Japanese government predicts an economic loss of ∼2.5 trillion yen (or 25 billion US dollars) if a Hoei-type eruption would occur red today (Aramaki, 2007) .
Modern activity
While Mt. Fuji has not erupted since 1707, deep low-frequency earthquakes have been persisting at least since the first seismic observations in the 1980s (Kanjo et al., 1984; Ukawa, 2005) . The number of deep low-frequency earthquakes increased in 2000-2001 but this unrest did not result in surficial expressions (Ukawa, 2005) . The East Shizuoka earthquake (M w 6.0) four days after the 2011 Tohoku-oki earthquake was located right beneath Mt. Fuji but did not trigger the volcanic activity of Mt. Fuji. Also, the earthquake did not trigger any January 2012 occurred. A significant increase of seismicity in 2015 is due to elevated volcanic activity in Hakone Volcano (e.g., Mannen et al., 2018) . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) deformation or increase in seismic activity around Mt. Fuji. . Fig. 7 (a) denotes the distribution of hypocenters of earthquakes shallower than 30 km between 1995 and 2018 with focal mechanisms. Seismic activity is not spatially uniform but concentrated to the east of Mt. Fuji. Aftershocks of the East Shizuoka earthquake and seismicity related to volcanic activity in Hakone Volcano, shown by a small green triangle in Fig. 7 (a), are also seen. Focal mechanisms are rather diverse, but they are dominated by thrust and strike-slip faulting with compressional axes striking roughly northwest-southeast. Fig. 7 (b) depicts the cumulative number of earthquakes exceeding M = 1.0. It demonstrates that the seismicity is temporally stationary except when aftershocks of the East Shizuoka earthquake and a M = 5.4 earthquake on 27 January 2012 occurred and when the Hakone Volcano was active in 2015 (e.g., Mannen et al., 2018) .
Geophysical view of the dmagma plumbing system
The magma plumbing system of an active volcano can be inferred from both petrological and geophysical insights. Petrology can provide the information about the depth of magma reservoirs as well as the decompression rate, but not about the horizontal extent of the magma reservoir. On the other hand, seismic and electromagnetic imaging can detect magma reservoirs as bodies of low seismic velocity and low resistivity, but the images provide no information on how the magma migrated toward the surface.
Petrological and geochemical insights
The FeO*/MgO ratio of the volcanic products from Mt. Fuji is stable over time, leading Togashi and Takahashi (2007) to suggest that the magma reservoir of Mt. Fuji has been receiving magma more or less constantly over the last ∼100,000 years. Considering a high eruption rate during that time (Tsukui et al., 1986) , the rate of magma supply to the magma reservoir is high. Togashi and Takahashi (2007) suggested that this magma supply does not allow magma to reside in the magma reservoir long enough to be differentiated, resulting in a dominance of basaltic rocks.
An investigation of volcanic products by Yoshimoto et al. (2004) and a melt inclusion study by Kaneko et al. (2010) of the Hoei eruption deposits suggests the existence of two magma reservoirs beneath Mt. Fuji, the deeper one being at ∼20 km and the shallower one at 8-9 km below sea level (Fig. 8) . Kaneko et al. (2010) proposed that magmas in the deeper and shallower reservoir would be basaltic and felsic, respectively. An accumulation of magma in the conduit left behind by previous eruptions forms the shallower magma reservoir. Differentiation over time makes the accumulated magma more felsic. This model with two magma reservoirs can explain why felsic eruptions sometimes occur in a volcano dominated by basaltic rocks like Mt. Fuji, and the chronology of the 1707 Hoei eruption which started by silicic eruptions followed by basaltic eruptions (Miyaji et al., 2011) . The deeper magma reservoir is deeper than that of other volcanoes along the Izu-Bonin arc such as Izu-Oshima whose magma reservoir is at around 10 km (e.g., Mikada et al., 1997) . Fujii (2007) suggested that this deep magma reservoir is produced because of the underplating of the Philippine Sea plate, making the crust thicker. (Fig. 9 ). Togashi and Takahashi (2007) also suggested the presence of a deep magma reservoir to explain the Hoei explosive eruption. They suggested that, during the Hoei eruption, the magma rose up from the magma reservoir quickly enough not to allow time to degas. The Togashi and Takahashi (2007) model is somewhat different from Kaneko et al. (2010) because it does not require the presence of a shallow magma reservoir. Shibata et al. (2015) suggested from Sr and Nd isotope ratio that the magmas of Pre-Komitake (≥270-160 ka; Fig. 4 ) share a similar mantle source with those of subsequent volcanoes, Komitake and Fuji (Fig. 4) . They also argued, using the major element content data, that the PreKomitake magmas could have experienced fractionation at a pressure of ≥1.2 GPa or ≥35 km, greater than that of subsequent magmas, ∼500 MPa or ∼15 km. It may imply the existence of a fossil magma reservoir that has been active during the Pre-Komitake era at ∼35 km beneath Mt. Fuji.
Migration of magma during the eruption 2.2 ka ago, the latest summit eruption of Mt. Fuji, has been reconstructed from groundmass microlite textures by Suzuki and Fujii (2010) who inferred that the eruption was preceded by a magma decompression at a rate of 0.005-0.012 MPa/s (Stage 1 of Fig. 10 ), which can be roughly translated as a magma ascent rate of 0.17-0.40 m/s when the density of the host rock is assumed to be 3000 kg/m 3 . The earliest stage of the eruption involves widening of the vent, conduit, or both with an increasing Fig. 10 ) with an increased eruption rate and decreasing outgassing rate. Variable decompression rates of magma characterize the later stage (Stages 4 and 5 in Fig. 10 ) because of a variable flow rate of magma between the central and marginal parts of the conduit. The eruption 2.2ka ago is also characterized by a decrease of overpressure at the reservoir after the major eruption in Stage 3. In the last stage, the magma velocity has a spatial gradient, with a low velocity at the margin and high at the center of the conduit. An overall increase of outgassing from the conduit margin is inferred in this stage (Stage 5 in Fig. 10 ).
Seismic imaging
Seismic imaging has contributed to the delineation of the magma plumbing system of Mt. Fuji. Lees and Ukawa (1992) found an extended region of low seismic velocities at depths of 20 km or deeper beneath Mt. Fuji. Since the depth of low seismic velocities is consistent with the depths of the magma reservoir inferred from petrology as described above, they were interpreted as evidence of a magma reservoir beneath Mt. Fuji. However, the spatial resolution of their imagery is not good enough to confirm the interpretation. Recent studies (e.g., Kamiya and Kobayashi, 2007; Matsubara et al., 2008; Nakajima et al., 2009 ) also found similar low-velocity anomalies in their datasets, but the spatial resolution is still not good enough to delineate the magma plumbing system in detail. Nakamichi et al. (2007) applied local seismic tomography to image a seismic structure around Mt. Fuji from a densely deployed temporary seismic network (Fig. 11) . They found that low P-wave velocities and low V p /V s ratios characterize the area around hypocenters of low-frequency earthquakes, interpreting the low-velocity zone as indicative of the presence of volatiles such as H 2 O or CO 2 . However, they failed to image 20 km or deeper, where the magma reservoir is likely to exist.
Scattering attenuation investigated by Chung et al. (2009) found that the crust beneath Mt. Fuji is more inhomogeneous than that in surrounding regions; the mean free path of seismic waves around Mt. Fuji is about 1 km at 2-8 Hz, a typical value seen in active volcanoes.
Intrinsic attenuation in the crust beneath Mt. Fuji, however, is not significantly different from that in surrounding regions (Chung et al., 2009) , indicating that partial melt beneath Mt. Fuji is not as abundant as that in hot spot volcanoes. Kinoshita et al. (2015) used receiver functions to image the seismic structure down to about 80 km. They found a low-velocity zone at 13-26 km below Mt. Fuji, the bottom of which is characterized by a sharp velocity contrast (Fig. 12) . The low velocity likely marks a magma reservoir beneath Mt. Fuji. They also found that a velocity contrast at 40-50 km associated with underplating of basaltic materials, which volcanic arcs ubiquitously host (e.g., Takahashi et al., 2009 ), disappears beneath Mt. Fuji. It might reflect a pathway of magma from the subducting Pacific plate. Also, a geochemical insight by Nakamura et al. (2008) suggested that volcanic fluids in Mt. Fuji are dominantly fed from the Pacific plate instead of the overriding Philippine Sea plate. These studies indicate that the magma of Mt. Fuji is fed from the Pacific plate through the region marked by a lack of velocity contrast at depths of 40-50 km that Kinoshita et al. (2015) found.
A seismic exploration experiment with five active sources and 469 temporary seismometers was conducted in 2003 (Oikawa et al., 2006; Tsutsui et al., 2007) to infer the seismic structure beneath Mt. Fuji in the upper crust. The active sources and seismometers were linearly aligned to delineate a two-dimensional seismic velocity structure across Mt. Fuji. Tsutsui et al. (2007) found a reflector dipping to the southwest at depths of around 15 km to the northeast and 25 km to the southwest (Fig. 13) . This reflector corresponds to the top of subducting Philippine Sea plate. They also identified a series of short and horizontal reflectors with lengths of a few kilometers at depths 8-15 km (Fig. 13) . One of the reflectors is located near the shallowest part of low-frequency earthquakes (Nakamichi et al., 2004) , so these reflectors probably reflect velocity discontinuities due to the presence of volcanic materials.
Electromagnetic imaging
The seismic structure discussed so far can be compared with resistivity structure. Aizawa et al. (2004) derived the resistivity structure beneath Mt. Fuji down to 50 km from a campaign-mode Y. Aoki, et al. Earth-Science Reviews 194 (2019) 264-282 electromagnetic survey. A prominent feature derived from their study is a high resistivity body corresponding to the subduction of the Philippine Sea plate (R1 in Fig. 14) which is ubiquitous in subduction zones. Another prominent feature is a low resistivity body below depths where low-frequency earthquakes occur. Although the spatial resolution is not good enough, the low resistivity they found might correspond to the magma reservoir or magma pathway discussed by Kinoshita et al. (2015) . A more sophisticated analysis by Aizawa et al. (2016) shows that the low resistivity region extends up to a depth of about 7 km with a slight offset from the summit to the southwest (Fig. 15) . This low resistivity body roughly corresponds to the hypocenter of the East Shizuoka earthquake (M w 6.0) on 15 March 2011, four days after the 2011 Tohoku-oki earthquake. Aizawa et al. (2016) combined this resistivity structure and isotopic properties of groundwater in the area to interpret that the M w 6.0 earthquake was triggered within a fracture zone through which magmatic gases penetrate. Another electromagnetic survey revealed that there is an area represented by low resistivity at the shallowest level, 500-2000 m above sea level ( Fig. 16 ; Aizawa et al., 2005) . This low resistivity is interpreted as a confined hydrothermal system with a spatial extent of a few kilometers rather than spreading over the whole edifice. Aizawa et al. (2005) suggested that the confined hydrothermal system resulted from Y. Aoki, et al. Earth-Science Reviews 194 (2019) 264-282 the limited circulation of hydrothermal fluids beneath Mt. Fuji, consistent with a lack of fumaroles, shallowest seismicity, and natural hot spring in and around Mt. Fuji.
Geophysical monitoring of Mt. Fuji
Mt. Fuji has been monitored most extensively by seismic methods since the 1980s when low-frequency earthquakes were observed for the first time there (e.g., Kanjo et al., 1984) . Enhancement of seismic network in the 1990s allowed us to investigate details of the low-frequency earthquakes. Ukawa (2005) compiled the cumulative number of earthquakes and wave energy generated by the low-frequency earthquakes between 1980 and 2004 to indicate that both number and radiated energy of low-frequency earthquakes are more or less constant over time except when a swarm of low-frequency earthquakes was observed between 2000 and 2001 (Fig. 17) . Ukawa (2005) also relocated low-frequency earthquakes since the 1980s to show that they are concentrated a few kilometers to the northeast of the summit with depths around 15 km (Fig. 18) . Nakamichi et al. (2004) focused on more recent low-frequency earthquakes between 1998 and 2003, leading to a similar conclusion (Fig. 19) . Furthermore, they found that the swarm seismicity aligns along a line striking from northwest to southeast, consistent with regional stress field. This seismicity suggests that the generation of low-frequency Nakamichi et al. (2007) . Green triangles show the location of the summit of Mt. Fuji. Black solid lines denote velocity boundaries from receiver functions inferred by Kinoshita et al. (2015) . White arrows indicate the gap in the velocity boundary inferred by Kinoshita et al. (2015) . Modified from Kinoshita et al. (2015) . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) Y. Aoki, et al. Earth-Science Reviews 194 (2019) [264] [265] [266] [267] [268] [269] [270] [271] [272] [273] [274] [275] [276] [277] [278] [279] [280] [281] [282] earthquakes beneath Mt. Fuji might be related to dike intrusion at depth (Nakamichi et al., 2004) . Comparing these earthquake locations with seismic velocities derived from seismic tomography indicates that the hypocenters of lowfrequency earthquakes are characterized by low P-wave velocities and high Vp/Vs ratios (Nakamichi et al., 2007; Fig. 11 ). This led Nakamichi et al. (2007) to suggest that volatiles such as supercritical H 2 O or CO 2 , rather than partial melt of magmas, are responsible for generating the low-frequency earthquakes.
Mt. Fuji is now monitored by more than 20 seismic stations, many of which are broadband sensors, with five and 18 seismic stations within five and 15 km from the summit, respectively. The most notable earthquakes recorded with the current seismic network are probably the 2011 Tohoku-oki earthquake (M w = 9.0) and the East Shizuoka earthquake (M w = 6.0) that occurred near Mt. Fuji 4 days after the Tohoku-oki earthquake. Geodetic data and aftershock distribution show that the East Shizuoka earthquake is an earthquake with a left-lateral slip with some thrust component on a fault striking NNE-SSW Fig. 20) . The static stress change induced by the earthquake is on the order of 0.1-1 MPa at the magma reservoir of Mt. Fuji, larger than that due to the Tohoku-oki earthquake, which was 0.001-0.01 MPa .
Although these earthquakes did not trigger any volcanic activity, they changed seismic velocities. Brenguier et al. (2014) inferred that the Tohoku-oki earthquake reduced the seismic velocity of Mt. Fuji at depths shallower than ∼10 km by about 0.1%, which is larger than surrounding areas. They also found that velocity changes of Mt. Fuji are particularly susceptible to either static or dynamic stress changes as in other volcanic regions. The cause of this heterogeneous susceptibility is not understood yet. Araragi et al. (personal communication) recently found that the East Shizuoka earthquake also resulted in a velocity reduction. Comparing the spatial distribution of the velocity drops due to the Tohoku-oki and East Shizuoka earthquakes will gain insights into the mechanics of seismic velocity changes induced by static and dynamic stress changes. Mt. Fuji has not been only monitored by seismometers, but also by geodetic instruments such as Global Navigation Satellite System (GNSS) and tiltmeters. Fig. 21 depicts the distribution of GNSS sites. The GNSS measurements revealed an expansion of the volcano from late 2005 to 2010 with a total extensional strain of about 2 × 10 −6 (Harada et al., 2010) . The observed deformation, however, did not accompany any seismic activity. Tiltmeters did not record any signals associated with this expansion because it is too slow to be detected by tiltmeters. However, they would be able to record signals if the deformation would has a shorter timescale.
Recommendations for further understanding
Previous geological and geophysical studies have revealed much about how Mt. Fuji works, but our understanding is not comprehensive enough to forecast the time and style of the next eruption. Here we make some suggestion that might lead to better understanding of Mt. Fuji. It starts from how to forecast the location of the future vents (Section 6.1). We then discuss how to forecast the timing, style, and size of the next eruption (Sections 6.2 and 6.3). Finally, we try to suggest future directions in Section 6.4 to address research questions specific to understand the volcanism of Mt. Fuji.
Location of future vents
Since Mt. Fuji has exclusively erupted from its flanks over the last 2200 years, it is important to assess the location of the next eruption not only from a scientific but also from a practical viewpoint. A reasonable way to assess the location is to assume that since the stress state of a volcano does not change much over time, the next eruption will occur more likely at a previous vent. Spatial distribution of previous fissure eruptions compiled by Takada et al. (2007) indicates that the fissures Fig. 13 . Spatial distribution of seismic reflectors identified by Tsutsui et al. (2007) . Labels j, g, and m correspond to the upper surface of the subducting Philippine Sea plate. Labels, a, b, c, d, e, and f correspond to reflectors that are probably due to the presence of volcanic fluids. Solid ellipsoids represent the location of mid-crustal low-frequency earthquakes (MLF; Nakamichi et al., 2004) . S1, S2, S3, S4, and K1 represent the location of active sources. K and M denote layers bounded by solid and broken lines and defined by Oikawa et al. (2006) .FJF, SKF, and SGF denote the location of Fujigawa, Shibakawa, and Agoyama faults. After Tsutsui et al. (2007) . Y. Aoki, et al. Earth-Science Reviews 194 (2019) 264-282 are distributed radially around the summit and distributed more on the northwestern and southeastern flanks with fissures striking northwestsoutheast (Fig. 22) . This distribution is consistent with the notion that the stress field around Mt. Fuji can be represented by a combination of a regional stress field with northwest-southeast compression and a local stress field generated by the loading of Mt. Fuji itself (e.g., Ukawa, 1991; Araragi et al., 2015) . It qualitatively suggests that the location of the next eruption will more likely be on the northwestern or Y. Aoki, et al. Earth-Science Reviews 194 (2019) 264-282 southeastern flank. Then how can we assess the vent opening probability more quantitatively? A number of previous studies have proposed methods to investigate spatial distribution of the vent opening probability in a quantitative way (e.g., Marti and Felpeto, 2010; Connor et al., 2012; Cappello et al., 2012; Selva et al., 2012 ) with a number of applications (e.g, Del Cappello et al., 2013 Cappello et al., , 2015 Bevilacqua et al., 2015; Tadini et al., 2017a Tadini et al., , 2017b . While these methods are variable in mathematical details, most of the studies assess the vent opening probability by assuming that the next vent opening is most likely located around preexisting geological structures such as vents, faults, or fractures. In the case of Mt. Fuji, the spatial distribution of vent opening probability can be assessed from the spatial distribution of vents of previous eruptions Fig. 22) . As the ambient stress field around Mt. Fuji is highly anisotropic (Ukawa, 1991 : Araragi et al., 2015 , an improvement of the methodology to take the ambient stress field into account might be necessary to better assess the vent opening probability.
Vent locations in Mt. Fuji are, in fact, temporally variable (e.g., Takada et al., 2007) . They started to be removed from the summit since about 2000 BCE with the farthest vent located at approximately 13.5 km from the summit in about 1500 BCE. These flank eruptions were followed by eruptions around the summit by 1000 BCE. Vent locations became far removed from the summit once again, with vents as far as 13.5 km in 800-900 CE. They became contained within ∼6 km in around 1000 CE . Takada (1997 Takada ( , 1999 explained this variability as resulting from stress perturbation due to a series of dike intrusions during the episodes. Taking this temporal variability of vent locations into account will further refine the forecast of the location of the next eruption, and so a more quantitative assessment is required to precisely understand the current state of the stress beneath Mt. Fuji, leading to a more sophisticated forecast of the location of the next eruption.
Style of the next eruption
It is important to assess whether the next eruption is effusive or explosive not only from a scientific but also a practical point of view because effusive and explosive eruptions cause different hazards (e.g., Schmincke, 2004; Parfitt and Wilson, 2008) . While volcanic products from Mt. Fujiare dominated by basaltic rocks, previous records show that the volcano has experienced both effusive and explosive eruptions (c) is 300 m. After Ukawa (2005) . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) with significant hazards from both types of eruptions, as discussed in Section 3. It is difficult to forecast the style of the next eruption because various factors such as degassing rate, discharge rate, composition, or volatile content of magma control the eruption style (e.g., Kozono et al., 2013) . Volcano monitoring, however, could help forecast the style because whether an eruption is explosive or effusive depends on magma discharge rate, thus potentially on the supply rate of magma (e.g., Kozono et al., 2013 ) that can be assessed by geodetic measurements.
It is also important to assess the possible volcanic hazards from the eruptions. There are a number of sophisticated simulations of the lava flows which take topography and temperature-dependent rheology of lava into account (e.g., Crisci et al., 2004; Vicari et al., 2007; Connor et al., 2012; Kelfoun and Vargas, 2016; Dietterich et al., 2017 and references therein), pyroclastic density currents (e.g., Dufek, 2016; Gueugneau et al., 2017; Dioguardi and Mele, 2018 , and references therein) and the dispersion of volcanic ash (e.g., Costa et al., 2016; Suzuki et al., 2016 , and references therein). These simulations indicate that a probabilistic assessment of the location, style, or magnitude of an Y. Aoki, et al. Earth-Science Reviews 194 (2019) 264-282 eruption can lead to a probabilistic hazard assessment.
Timing and size of the next eruption
Mt. Fuji has been dormant for more than 300 years. This repose time is anomalously long compared with the previous repose time in Mt. Fuji. We thus expect that the next eruption will occur soon, but it is impossible to predict the precise time of it; previous records of eruptions of Mt. Fuji suggest that the eruptions are neither time-predictable nor size-predictable (Fig. 5) . Then, how does this long repose time affect the next eruption? A compilation of eruptions in Indonesia after 1800 suggests that a longer repose time tends to lead to a more explosive eruption (Bebbington, 2014) . Although the maximum repose time investigated by Bebbington (2014) is a little more than 100 years, in contrast to the current repose time of Mt. Fuji of more than 300 years, extrapolation suggests that the next eruption of Mt. Fuji will more likely be an explosive one. In addition to the statistical assessments, the current lack of degassing from the surface leads Togashi and Takahashi (2007) to suggest that the current magma of Mt. Fuji contains a large amount of volatiles. The exsolution of the volatiles would make the next eruption explosive.
Seismic imaging seems to lack a large magma reservoir with hundreds of cubic kilometers in the crust and upper mantle (Nakamichi et al., 2007; Kinoshita et al., 2015; Figs. 11, 12) as seen in calderaforming volcanoes like Yellowstone, western United States (e.g., Huang et al., 2015) or Toba, Indonesia (Jaxybulatov et al., 2014) . The lack of such large magma reservoirs is consistent with a general lack of large volcanoes in stratovolcanoes (e.g., Lin et al., 2014; Kiser et al., 2016) . Therefore it is reasonable to conclude that Mt. Fuji is not capable of generating a catastrophic eruption with a volume of hundreds or thousands of cubic kilometers, consistent with a lack previous records of such eruptions there. However, considering that seismic imaging is not capable of imaging smaller magma reservoirs, Mt. Fuji is capable of generating smaller but still hazardous eruptions with a volume on the order of up to cubic kilometers like the Jogan and Hoei eruptions.
An eruption of a longer repose time tends to be preceded by a longer run-up time between the onset of activity and the eruption. A global compilation by Passarelli and Brodsky (2012) shows that the run-up time and repose time roughly have a linear relation, in which the runup time after a repose time of 300 years is expected to be around 100 days. Furthermore, the next eruption could be preceded by crises without an eruption well before the actual eruption. The next eruption of Mt. Fuji should be then preceded by detectable unrest. Indeed, the Hoei eruption was preceded by two weeks of intense seismicity (Tsuya, 1955; Koyama, 1998b; Hayashi and Koyama, 2002; Miyashita et al., 2007) . A compilation of seismic activity preceding eruptions in Mt. St. Helens, Bezymianny and Alsakan volcanoes show that more intense seismic activity precedes an eruption after a longer repose time. Thelen et al. (2010) found the repose time and cumulative seismic moment roughly has a linear relation. They found that the 1980 Mt. St. Helens, western United States, eruption, after a dormancy of 123 years, and the 1956 Bezymianny, Kamchatka, eruption, after a dormancy of about 1000 years, were preceded by earthquakes with a cumulative moment magnitude exceeding 6.0. Sizable earthquake will likely precede the next eruption of Mt. Fuji. Indeed, many people felt earthquakes, some of which exceeded magnitude 4.0, before the Hoei eruption (Hayashi and Koyama, 2002) .
Why is Mt. Fuji different from other volcanoes?
The recommendations described above are more or less applicable to volcanoes in general. In other words, vent location, time, size, and style of the next eruption need to be well assessed to better understand the volcanism and forecast the next eruption of any volcanoes. Here we make suggestion to better address research questions specific to Mt. Fuji, which are, as described in the Introduction, 1) why is Mt. Fuji larger than other volcanoes along the same arc?, 2) why has Mt. Fuji dominantly ejected basaltic rocks?, 3) why has Mt. Fuji erupted in various styles from effusive to explosive eruptions?, and 4) why has Mt. Fuji erupted both from the summit and flank?
Questions 1) and 2) are, in fact, interrelated. A high rate of magma supply from depth makes Mt. Fuji large. Also, high rate of magma supply does not allow magma to reside in the magma reservoir long enough to differentiate and make the ejected magma a more evolved chemical composition like andesite or dacite (e.g., Togashi and Takahashi, 2007) . Then why is the rate of magma supply of Mt. Fuji much higher than other volcanoes along the same arc? Ichihara et al. (2017) hypothesized that a volcano along the Izu-Bonin arc on the Philippine Sea plate (we hereby call it "Volcano X") subducted to reach beneath Mt. Fuji ∼100,000 years ago, after which the eruption rate of Mt. Fuji is 50-500 times larger than that of volcanoes along the same arc (Tsukui et al., 1986 ). Here we explain why this hypothesis can solve the mysteries of Mt. Fuji as described above following Ichihara et al. (2017) .
When Volcano X starts to subduct, the magma reservoir of Volcano X is expanded because the vent of Volcano X becomes plugged. When Volcano X reaches the magma conduit of the original Mt. Fuji, then magma reservoirs of the two volcanoes merge to increase the volume of magma beneath Mt. Fuji. Both magmas originate from the Pacific plate, consistent with Nakamura et al. (2008) who showed that the fluid in the magma of Mt. Fuji is dominated by that from the Pacific plate. The magma reservoir of Volcano X, is originally at a depth of ∼10 km before subduction, but it gets deeper when it reaches beneath Mt. Fuji because of subduction, consistent with the depth of the magma reservoir inferred from petrological (Fujii, 2007; Kaneko et al., 2010) and seismological (e.g., Lees and Ukawa, 1992; Kinoshita et al., 2015) evidence.
A hypothesis proposed by Ichihara et al. (2017) , as described above, seems to be consistent with many features Mt. Fuji has qualitatively. A quantitative assessment of whether the hypothesis is plausible or not is required from thermo-and fluid-dynamic point of view. Also, it is desirable to detect the subducted Volcano X from seismic or electromagnetic imaging to confirm the hypothesis. Y. Aoki, et al. Earth-Science Reviews 194 (2019) 264-282 The mechanics of the Hoei eruption give insights into how to address Question 3). Kaneko et al. (2010) proposed that a mixture of basaltic magma intruded from a depth and differentiated silicic magma at a shallower depth made the Hoei eruption explosive (Fig. 8) . Explosive eruptions of Mt. Fuji in the past (see, for example, Section 3.2) might have been triggered similarly. To confirm this hypothesis, melt inclusion studies to investigate the magma mixing during past eruptions are required.
A transition between the summit and flank eruptions (Question 4) can be discussed in a general context. Takada (1997) found that many volcanoes change the location of their eruptions over time in which the location of flank eruptions converges toward the summit or the central volcano before the period of summit eruptions. The mechanics for this cyclic pattern can be understood by considering the stress perturbation by each dike intrusion (Takada, 1997) . A dike intrusion makes the surrounding rock more compressive. This stress field leads to the next intrusion taking place away from the previous intrusion. In other words, if a dike intrusion takes place away from the summit, the next intrusion takes place closer to the summit. The location of dike intrusions converges toward the summit after a series of intrusions. Takada (1997) suggested that viscoelastic relaxation of the host rock relaxes the stress field perturbed by dike intrusions, making an intrusion at the same location as a previous intrusion possible after the stress change due to the previous intrusion is relaxed. Takada (1997) suggested that the duration of flank and summit eruption periods are controlled by the strain rate and the supply rate of magma, however, the factors controlling the durations are not clearly understood. Previous records show that Mt. Fuji has repeated flank and summit eruptions every ∼1000 years, where summit eruptions dominated between 1000 BCE and 1 CE and flank eruptions were dominated between 1 CE and 1000 CE (see Fig. 7 of Takada, 1997 ). An extrapolation of this trend suggests that the summit eruptions dominated between 1000 CE and 2000 CE and is now in a transition period from the summit to flank eruptions. However, this interpolation cannot be justified because of the relative inactivity of Mt. Fuji after 1000 CE.
Summary
Mt. Fuji is a young volcano which started to grow only around 400 ka ago. Rock chemistry suggests that it has been divided into a few stages, the most recent of which started around 10 ka. The eruption rate was high between 10 ka and 8 ka when the eruptive volume was more than 30 km 3 DRE only in ∼2000 years, compared with a total of a little more than 40 km 3 in the last 10,000 years. Mt. Fuji was relatively Fig. 22 . Location of fissure eruptions after 15000 BCE. Red, yellow, green, blue lines denote eruptive fissures dated after 300 BCE, between 1500 BCE and 300, between the Kikai-Akahoha eruption (K-Ah; 7300 BCE) and 1700 BCE, and between 15,000 BCE and the Kikai-Akahoya eruption, respectively. After Takada et al. (2007) . (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
Y. Aoki, et al. Earth-Science Reviews 194 (2019) 264-282 dormant between 8 ka and 5 ka after which it was reactivated. The eruptions of Mt. Fuji over the last 2000 years have exclusively been from northwestern and southeastern flanks, consistent with the regional stress of northwest-southeast compression. Some vents are located radially with respect to the summit, consistent with an isotropic stress field near the summit due to the loading of the volcano. The largest eruptions during the last 2000 years include the 864 Jogan and 1707 Hoei eruptions which ejected 2.1 km 3 and 1.6 km 3 of magma, respectively. The Jogan eruption mainly emitted basaltic lavas, while the Hoei eruption was an explosive eruption triggered by the intrusion of a basaltic magma into a dacitic magma chamber. The Hoei eruption started 49 days after a nearby M∼8.5 earthquake so that the eruption was likely triggered by the change of static stress, dynamic stress, or both, due to the M∼8.5 earthquake. Mt. Fuji has been dormant since 1707, but low-frequency earthquakes have been observed at depths around 15 km. The activity of the low-frequency earthquakes became high in 2000, but no associated surficial anomalies were observed. The East Shizuoka earthquake (M w 6.0) right beneath Mt. Fuji on 15 March 2011, four days after the 2011 Tohoku-oki earthquake, did not trigger any volcanic activity.
To understand the characteristics of Mt. Fuji, the magma plumbing system of Mt. Fuji has been studied intensively by geological and geophysical methods. Geological considerations suggest that the magma reservoirs of Mt. Fuji are located at 20 km and 8-9 km beneath the volcano . The depth of the magma reservoir at 20 km is deeper than that in other volcanoes along the same arc because of the underplating of the Philippine Sea plate, resulting in an apparently thicker crust (Fujii, 2007) . The shallower reservoir consists of more evolved magma, to which basaltic magma was injected, and subsequently triggered the 1707 Hoei eruption . Seismic studies also suggest a magma reservoir at around 20 km, right beneath where low-frequency earthquakes occur (Nakamichi et al., 2007; Kinoshita et al., 2015) . Electromagnetic studies suggest a conductive body at depths more than 20 km, which is likely to represent a magma reservoir (Aizawa et al., 2004) . Seismic observations revealed that low-frequency earthquakes in 2000 were aligned with a strike of northwest-southeast a few kilometers to the northeast of the summit (Nakamichi et al., 2004; Ukawa, 2005) .
For a better understanding of the Mt. Fuji magma plumbing system and improved forecasting of the evolution of future eruptions, we need to combine geophysical and petrological insights about the location and properties of the magma reservoir of Mt. Fuji. Geophysical insights gained from seismic, geodetic, and electromagnetic measurements can determine the location of the magma reservoir. However, these estimations have uncertainties. Petrological measurements do not provide any information on the horizontal location of the magma reservoir but can constrain the depth of the magma reservoir with some uncertainties independently from geophysical measurements. Also what is unique about the petrological measurements is that they can assess the magma ascent rate, which helps assess the magma movement preceding an eruption. With this point of view, it is important to combine these complementary measurements to gain more insights into the magma dynamics beneath Mt. Fuji during its activity to and better forecast an eruption.
